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Abstract
Characterization of seasonal variation of Staphylococcus aureus is important in understanding the epidemiology of, and designing preven-
tive strategies against this highly virulent and ever-evolving pathogen. In this review, we summarize the ﬁndings of epidemiological stud-
ies that have evaluated seasonality in S. aureus colonization and infection. Although most studies published to date are methodologically
weak, some seasonal variation in the occurrence of S. aureus infection appears to exist, particularly an association of warm-weather
months with S. aureus skin and soft-tissue infections. We highlight the limitations of the published literature, and provide suggestions for
future studies on this topic.
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Introduction
Studying the seasonal variation of infectious diseases has rel-
evance to improving the understanding of host and pathogen
ecology, the surveillance and prevention of infections, the
prediction of epidemics, and understanding of the long-term
trends in infections as a result of global climate change [1].
We reviewed studies of seasonality in the occurrence of
Staphylococcus aureus, which is responsible for a large pro-
portion of human infections.
Methods
To identify epidemiological studies of seasonal variation in
S. aureus, we searched the English language literature in Pub-
Med published from 1980 onwards, using the search terms
‘Staphylococcus aureus’ or ‘MRSA’ and ‘season’, ‘climate’,
‘summer’, ‘winter’, ‘spring’, ‘fall’, ‘autumn’, ‘trends’, and by
performing a manual review of references of all studies so
retrieved.
Quality of the literature
We found a total of 41 studies published from 1980 to 2011
that assessed the epidemiology of S. aureus in relation to
season [2–41]. Of these, 13 studies were performed with
the speciﬁc objective of assessing S. aureus seasonality
[4,9,11–14,16,18,22,28,30,34,35] and the remaining studies
assessed seasonal occurrence as a secondary objective. There
were 13 multi-centre studies [7–9,11,15,18,21,24,31,35,
36,38,41] and the remaining studies were performed at a
single institution.
A complete review of appropriate epidemiological princi-
ples and statistical methods for studying seasonality are
beyond the scope of this article, and the reader is referred
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to previously published literature on this topic [1]. Aggrega-
tion of cases by pre-deﬁned seasons can potentially result in
loss of information if infection occurrences are not strictly
seasonal or if they have other (e.g. biannual) periodicities.
Therefore, it has been suggested that whenever possible,
time-series analyses should be used to study the seasonality
of infectious diseases [1]. Of the 41 studies reviewed, four
performed time-series analyses [11,18,23,28] and in two
studies, changes in infection rates over time were modelled
using Poisson regression analysis [9,22]. In the remaining 35
studies, infection occurrences using case counts, proportions,
or rates were compared for discrete time periods (months,
quarters or pre-deﬁned seasons). [2–10,12–17,19–21,24–
27,29–42]. Therefore, the bulk of published literature on this
topic is lacking in robust methodology, and this should be
kept in mind when interpreting study results.
Results
Overall, seasonal variation in S. aureus (infection or coloniza-
tion) was reported in 31 studies (76%). We classiﬁed the
studies into the following categories by type of infection: any
infection (studies in which all sites of infection were included,
11 studies) [13,18,20,22,23,28,31,32,36,38,42], bacteraemia
only (six studies) [6,11,14,21,24,35], skin and soft-tissue infec-
tions (SSTI; ten studies) [5,10,12,15,19,25,29,33,39,40], other
speciﬁc infections (eight studies) [2–4,7–9,34,37], and human
colonization (six studies) [16,17,26,27,30,41] (Table S1).
S. aureus seasonality by type of infection
Seasonal variation in S. aureus was most commonly reported
in studies of SSTI (all ten studies) with peak occurrences in
the summer [10,39], autumn [40], or both summer and
autumn months [5,19,25,29,33] in eight of those studies. The
highest recovery of S. aureus from boils was observed during
months that were relatively hot and dry in one study [12]. In
another study, the overall peak incidence of community-
acquired methicillin-resistant S. aureus (CA-MRSA) SSTI
occurred between May and December but variation between
different geographic regions in the USA was observed [15].
Eight out of 11 studies that looked at all types
of S. aureus infections reported seasonal variation
[20,22,23,31,32,36,38,42]: skin and soft tissue was reported
to be the most common site of infection in three of those
studies [31,32,38], but others did not specify infection sites.
Of ﬁve studies that included only cases of S. aureus bactera-
emia, three showed no seasonal pattern [6,14,24]. One study
did not observe seasonal variation (summer versus winter)
but did note an increase in S. aureus bacteraemia with a rise
in mean monthly temperature [11]. Another study showed
an increase in S. aureus bacteraemia during the 2009–2010
pandemic H1N1 seasons (compared with inﬂuenza seasons
in previous years) but not during the regular inﬂuenza sea-
sons of 2006–2009 (when compared with other seasons of
the year) [35]. Seasonal variation in mortality from S. aureus
infection was assessed in two studies; both studies found a
higher mortality in winter [21,38].
We found eight studies of seasonality of less-frequent infec-
tious syndromes caused by S. aureus. There were three stud-
ies of peritoneal dialysis-related peritonitis, of which none
reported seasonal variation [4,9,34]. Two studies of acute
diarrhoeal illness (performed in the same population in South
Korea during different time periods) reported more cases in
the summer [7,8]. In one study of septic bursitis, 80% of cases
occurred in the summer [3]. There was one study of bacte-
raemic S. aureus pneumonia that reported no seasonal varia-
tion [37], and one study of empyema that reported that 46%
of cases occurred during hot and humid months [2].
Seasonal variation in S. aureus colonization
Eight studies assessed S. aureus colonization [13,16–
18,26,27,30,41]; of these, two studied colonization in con-
junction with infection [13,18]. Among studies that looked at
colonization alone, the sites of colonization assessed and
study results were variable. Four studies assessed S. aureus
nasal/nasopharyngeal colonization. Seasonality was observed
in two studies: a higher MRSA colonization prevalence during
the hot season in a study in Japanese day-care centres [41],
and the highest S. aureus colonization rate in March (spring
season) in an orthopaedic ward in Sweden [26]. In contrast,
there was no signiﬁcant difference in the S. aureus nasopha-
ryngeal colonization rate by season among infants in the UK
[16], or in the tonsillar colonization rate among patients
undergoing tonsillectomy in Korea [17]. Ogawa et al. [27]
found signiﬁcantly more S. aureus colonies in skin lesions of
patients with atopic dermatitis, and in a greater number of
patients, in summer than in winter, and Rubio [30] found the
highest rate of conjunctival colonization in May. Among stud-
ies that assessed both colonization and infection, no variation
with season was noted for either colonization or infection
when assessed separately [13] or together [18].
Seasonality in healthcare-associated S. aureus infections
Twelve studies evaluated seasonal variation in healthcare-
associated S. aureus infections either separately
[4,9,13,22,34,42] or as part of the total burden of S. aureus
infections or bacteraemia in the hospital setting
[11,14,18,23,28]. Seasonal variation was reported in only
three studies. In one of these, seasonality was noted for
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MRSA infections but not methicillin-susceptible S. aureus
infections [23], and in another, seasonality was observed in
children but not adults with healthcare-associated MRSA
[22]. Three of these studies looked at seasonality of perito-
neal dialysis-associated peritonitis, of which none noted
seasonal variation in S. aureus infection.
Staphylococcus aureus seasonality in relation to
meteorological factors
Four studies evaluated speciﬁc climate-related factors such
as temperature, humidity and precipitation in relation to
S. aureus infections [11,12,18,28]. In a study of boils caused
by S. aureus in Nigerian patients, Elegbe [12] observed that
the highest rates of culture positivity were noted during
months with high temperatures associated with low relative
humidity. In a study of bloodstream infections (BSIs) among
patients at 132 US hospitals, Eber et al. [11] found that
although there was no association of S. aureus BSI with sea-
son, there was a 2.2% increase in S. aureus BSI for every
10F (5.6C) increase in mean monthly temperature. In con-
trast, Kaier et al. [18] did not ﬁnd any association between
mean monthly temperature and rates of MRSA (combined
colonization and infection) in two German hospitals, and Per-
encevich et al. [28] did not ﬁnd an association between mean
monthly temperature and S. aureus infection rates among
patients at a single US hospital.
Staphylococcus aureus seasonality in relation to geographic
region
Only three studies originated from the southern hemi-
sphere [9,29,32]. In general, results were similar to studies
of similar types of infections from the northern hemisphere
with summer peaks for SSTI [29,32] and no seasonal varia-
tion in peritoneal dialysis-related peritonitis [9]. Seasonal
variation of S. aureus was noted in ﬁve studies originating
from tropical and sub-tropical regions [2,12,19,32,39]; four
demonstrated summer or warm weather peaks in SSTI
[12,19,39] or in empyema [2], and in one study from the
tropical Northern Territory of Australia, where there is
minimal variation in temperature over the year, the highest
incidence of S. aureus infection was noted during the wet
season [32].
Comparison of seasonality in S. aureus and other pathogens
Twenty-three studies evaluated S. aureus as the only pathogen
[5,6,10,12,13,15,20–27,31–33,36–38,40–42], whereas 15 stud-
ies reported seasonal variation in multiple pathogens including
S. aureus [2–4,7–9,11,14,16–18,28,30,34,35] (Table S2). In
three studies, one or more other pathogens were studied but
data were insufﬁcient to allow study of their association with
season because of the preponderance of S. aureus as the pri-
mary pathogen [19,29,39].
Discussion
Bearing in mind the overall limitations of the literature, we
found some evidence for seasonality of S. aureus, particularly
in the case of SSTI.
The human host is the primary reservoir of S. aureus, and
person-to-person transmission occurs mainly through direct
contact [43]. Although S. aureus acquired from an external
source can cause infection (e.g. when inoculated directly into
an open wound), it is more common for a person to be
infected by bacteria already colonizing their skin or mucosa.
Whereas fomites, particularly in the hospital environment,
can contribute to contact transmission, long-term environ-
mental contamination is thought to play a smaller role in
S. aureus epidemiology [44]. Therefore, seasonal changes that
lead to increases in host susceptibility to colonization and
infection, and in person-to-person contact transmission,
could potentially underlie the above observations of S. aureus
seasonality.
Skin and soft-tissue infections such as impetigo, boils and
abscesses are among the most common infections caused by
S. aureus. These are also the most frequently studied type of
infection in relation to its seasonality, with higher incidence
of infection in the summer and autumn or in warmer
months reported in all studies. Early studies of seasonality of
S. aureus SSTI originated from tropical countries where con-
ditions such as impetigo are seen more frequently
[12,19,29]. These studies emphasize local humidity and poor
personal hygiene as the major contributing factors to coloni-
zation and infection with S. aureus. Bacterial populations have
been found to be signiﬁcantly greater from the back, axillae
and feet in individuals in a high-temperature and high-humid-
ity environment compared with a moderate-temperature,
low-humidity environment [45]. In the study by Elegbe [12],
the highest number of cases of boils that were culture posi-
tive for S. aureus occurred in relatively hot and dry months;
the author proposes that because the rate at which people
perspire in the drier hot months is much greater than in the
more humid months, local skin temperature and humidity in
those months are highly conducive to the growth of S. aur-
eus. Staphylococcal colonization of epithelial cells is mediated
by teichoic acids in the cell wall, and requires the epithelial
cell receptor component ﬁbronectin for adhesion [46].
These ﬁbronectin receptors are unavailable on intact skin;
however, skin disruption may reveal ﬁbronectin receptors
and allow for invasion in these disrupted surfaces. Therefore,
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factors that cause skin disruption such as insect bites and
scabies, which may occur more frequently in tropical cli-
mates and in crowded and unhygienic conditions, could
magnify the climate-related increase in S. aureus in such envi-
ronments [32].
A phenomenon in recent years that supports the role of
these same seasonal factors in the pathogenesis of S. aureus
SSTI has been the emergence of CA-MRSA. Community-
acquired MRSA is a major cause of SSTI in healthy people
without healthcare contact, but who are associated with
situations of close physical contact and poor personal
hygiene (e.g. contact sports, incarceration, day-care cen-
tres)[47]. Of eight studies of seasonality of infections speciﬁ-
cally due to CA-MRSA [5,15,22,24,25,31,36,38], higher
incidence in the summer and autumn were observed in
seven [5,15,22,25,31,36,38]. In addition, increases in CA-
MRSA skin infections among athletes during the football ‘sea-
son’ when conditions of local heat, humidity, poor hygiene
and close physical contact come together [48,49], and a sum-
mer season CA-MRSA spread among multiple family mem-
bers in Japan [50], also support the above hypotheses.
Findings from studies that include all types of infections
and bacteraemia are likely to be driven by site(s) of infection
in the study population. For example, Flournoy et al. [14]
noted that S. aureus was an uncommon cause of pneumonia
in their population, which could explain the lack of winter
and early summer peaks in their study, but was noted in an
older study of S. aureus bacteraemia associated with pneu-
monia [51]. Although the association of invasive S. aureus
infections with inﬂuenza viral infections has been noted in
several studies [52,53], we found only one study that com-
pared the incidence of S. aureus bacteraemia during the inﬂu-
enza season with the incidence during other seasons [35].
The authors reported that there was no increase in S. aureus
BSI in the winters of 2006–2009, compared with the respec-
tive summers, but that the incidence of S. aureus BSI during
different phases of the 2009–2010 pandemic H1N1 seasons
was higher than that during the previous inﬂuenza seasons.
The authors hypothesize that this could potentially relate to
differences between inﬂuenza strains in increasing susceptibil-
ity to secondary bacterial infections. Moreover, they also
found that the incidence of S. aureus BSI was higher in the
summer of 2009 (pandemic H1N1 year) than during the pre-
vious summers—this suggests that seasonality of post-inﬂu-
enza S. aureus infection could be affected by the change in
inﬂuenza ‘season’ in a given year.
Evidence for seasonality was rarely reported in studies
that looked at healthcare-associated S. aureus infections
[22,23,42]. Factors that could potentially contribute to sea-
sonal changes in healthcare-associated S. aureus transmission
and acquisition include level of provider training (e.g. new
interns at the beginning of the academic year), hospital
census (e.g. overcrowding), stafﬁng (e.g. fewer regular staff
during summer vacation), and antimicrobial drug use,
whereas the effect of meteorological elements such as tem-
perature and humidity may be less apparent in climate-con-
trolled hospital environments. For example, Eveillard et al.
[42] observed that the incidence of hospital-acquired MRSA
was highest in the summer months when the hospital also
had the lowest personnel to patient ratio. Monnet et al. [23]
observed spring seasonal variation for MRSA but not methi-
cillin-susceptible S. aureus, along with seasonal variation in
the use of different classes of antimicrobial drugs, and tem-
poral association between MRSA prevalence and use of many
antimicrobial drug classes. Further, seasonal changes in fac-
tors that inﬂuence progression from colonization to infection
in the community might be offset by year-round prevalence
of host susceptibility in the hospital setting, e.g. through the
presence of invasive devices such as central venous cathe-
ters, dialysis catheters, ventilators and surgical wounds.
We found eight studies looking at seasonality of coloniza-
tion with S. aureus with variable ﬁndings. Harrison et al.
[16]and Nilsson and Ripa [26] both postulate that the sea-
sonal increases in nasopharyngeal colonization noted in their
studies correlate with the peak of viral respiratory infection
season (autumn/winter in the UK, and spring in Sweden,
respectively). Others have shown increased likelihood of air-
borne dispersal of S. aureus in association with upper respira-
tory viral infection [54] and respiratory allergies [55].
Theoretically, this could result in increases in aerosol trans-
mission of S. aureus during months with peak respiratory
infections and allergies [56,57], which could be any time
between winter and summer depending on the geographic
area. In their study of seasonality of MRSA infections in the
USA, Mermel et al. [22] noted an increase in MRSA infec-
tions in the last two quarters, compared with the ﬁrst two
quarters of the year, and hypothesize that the sequence of
increase with the third quarter followed by the fourth quar-
ter probably represents an increase in MRSA colonization in
summer months followed by increase in invasive infections in
autumn, attributed to the time lag between colonization and
infection. However, this requires further validation. Given
the well-established role of antecedent colonization in the
pathogenesis of S. aureus infection, there is a relative lack of
studies evaluating seasonal variation in colonization and infec-
tion in the same population, with no association found in the
only study to do so [18].
Apart from methodological issues and differences in types
of infections studied, discrepancy in results of studies on sea-
sonal variation in S. aureus could also be related to the small,
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local scale of most studies, and it is possible that seasonal or
climate-related oscillations are simply too small to be cap-
tured over the background noise of multiple other variables.
The potential effect of publication bias should also be consid-
ered. As many (68%) of these studies were not performed
with the primary objective of assessing seasonality, it is possi-
ble that there would be a bias towards reporting results
whenever an association of infection occurrence with season
was observed, and not reporting them when no such associa-
tion was seen. To support this, we observed that seasonality
was reported in 24 of 28 studies (85%) that did not include
assessment of seasonality as a speciﬁc objective, compared
with 4 of 13 studies (31%) that included assessment of season-
ality as a speciﬁc objective.
Seasonality of other bacterial pathogens is reviewed else-
where in the current issue of this journal but differences
between seasonal occurrences of S. aureus and other patho-
gens were noted in studies that assessed seasonal variation
in multiple pathogens. Competition between resident ﬂora in
the nose, in particular between S. aureus and Streptococcus
pneumoniae has been observed [58]. However, although an
increase in pneumococcal infections in the winter and in
inﬂuenza seasons has been noted in some studies [2,14,35],
there is no clear evidence for an inverse association between
the occurrence of invasive infections due to Streptococcus
pneumoniae and S. aureus in these studies. Summer peaks in
gram-negative bacterial infections, but not in S. aureus, were
noted in several studies that primarily looked at healthcare-
associated infections [4,9,11,28]. This may relate to the
survival and propagation of gram-negative bacteria in the envi-
ronmental reservoir compared with S. aureus, which relies
primarily on direct human-to-human transmission.
Direction for Future Work on this Topic
We have identiﬁed important gaps in the literature on sea-
sonality of S. aureus infections, the most evident being a lack
of appropriate statistical methodology (i.e. use of time-series
analyses or time-series regression models) for seasonality
assessment. In fact, many of the studies in this review are case
series that report the absolute number of cases without
denominators. Studies that are performed in a single year or
season [5,7,12,19,24,27,32,36,41] should also be interpreted
with caution because what is viewed as a seasonal event might
be an artefact due to any number of other factors. In general,
repetition of a seasonal pattern over several years is more
likely to reﬂect true seasonality. In addition, only a handful of
studies have looked at speciﬁc meteorological elements such
as temperature, humidity and precipitation in relation to
S. aureus. This makes it difﬁcult to assess whether the effect
of season observed in some studies is a result of variation in
one or more meteorological elements or a consequence
of other seasonal changes such as human behaviour. Lastly,
studying both colonization and infection in the same popula-
tion would provide further insight into the mechanisms
underlying seasonality. Seasonal variation in S. aureus infection
but not colonization would suggest that seasonal factors
somehow affect host susceptibility to progression from colo-
nization to infection. In contrast, seasonality in colonization,
and time lag between seasonal peaks in colonization and infec-
tion would support the role of seasonal factors on S. aureus
transmission and colonization.
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